Block Design tasks are neuropsychologically valuable, but standard scoring sacrifices potentially useful information that could elucidate the cognitive processes underlying performance failures. Qualitative indices that were proposed in the WAIS-R-NI [Kaplan, E., Fein, D., Morris, R., & Delis, D. (1991) . The WAIS-R as a neuropsychological instrument [Manual]. San Antonio, TX: Psychological Corporation] should help to remedy this situation but have received little research attention. We present WAIS-R Block Design data for 177 healthy older adults (aged 50 ± 90) incorporating several qualitative measures, outlining normative ranges and examining age differences. Proportional scoring, counts of single-block placement and rotation errors, counts of parameter-violating errors such as breaking configuration, and availability of implicit grid information all offer potentially valuable supplementary data that can enrich clinical interpretation of Block Design protocols. D
and one of the tests most sensitive to central nervous system dysfunction (Lezak, 1995) .
The deleterious effects of normal aging on Block Design performance are also well documented: Kaufman (1990) , for example, reported a difference of a standard deviation between persons in their early 20s vs. their early 70s after controlling for education. In a longitudinal study, Sands et al. (1989) reported that scores declined only on the three most difficult items, but their data cover only a 13±15-year span in late middle age. Storandt (1977) , who compared 40 old (ages 65±76 years) and 40 young (ages 20±30) examinees, obtained a difference between regular scores obtained by young and old participants equivalent to a point±biserial correlation of r pb = À0.57. A more recent study (Troyer et al., 1994 ) obtained a correlation with age of r = À0.46 among 125 persons aged 50±95.
The precise origin of this age-linked decline has been disputed. The presence of time limits and speed bonuses on the test suggests a possible causal role for psychomotor slowing (Schaie, 1990) . Findings with respect to this speed hypothesis have been mixed. Storandt (1977) , using both standard and untimed scoring, reported that older examinees gained more additional points than did the younger ones, though the difference fell short of significance. Troyer et al. (1994) , by contrast, found that allowing additional time improved scores about equally for middle-aged and older examinees, which suggests that inadequate time does not account for the age-related decline in scores. Troyer et al. (1994) did not, however, eliminate the bonus points awarded for rapid performance. Thus, they controlled only one of the two ways in which the WAIS-R Block Design subtest penalizes slower examinees.
It is difficult to establish the significance of poor Block Design performance without an adequate understanding of the determinants of successful Block Design performance. This, in turn, is rendered difficult by the multifaceted nature of the task and the simplistic nature of the standard scoring system. As Kaplan (1988) points out, precisely the same score (0) is awarded whether an examinee completes the design correctly 2 s after the time limit, struggles unsuccessfully for minutes more, or offers up a bizarrely distorted``solution''. Qualitative observation of examinee approach to the Block Design problems has long been used to supplement this basic score. It appears, for example, that lesions restricted to the left cerebral hemisphere do not prevent examinees from capturing design gestalt, but do lead to simplification and detail errors. Right hemisphere lesions, by contrast, are associated with gross design violations (Akshoomoff-Haist et al., 1989) . It has been suggested (Kaplan, 1988) that broken configurations are rare in the protocols of neuropsychologically intact examinees, but this, like many clinical hypotheses, remained intuitive rather than being operationalized into quantitative scores.
The authors of the WAIS-R-NI and WISC-III-PI (Kaplan et al., 1999 ) suggest innovations to the recording and scoring of the WAIS-R and WISC-III Block Design subtests that may quantify much of the qualitative information yielded by (and about) the test. These include recording the locations of blocks as they are placed and subsequently tallying the number of blocks correctly situated as well as specific errors that may have differential implications. (The WAIS-R-NI also recommends giving examinees extra blocks on every trial, as this may elicit diagnostically important qualitative errors. Following this procedure unfortunately invalidates the Block Design test as a standard measure of Performance IQ, but more conservative clinicians can use the other recording and scoring innovations suggested without changing the standard administration. The WISC-III-PI only utilizes extra blocks on new, supplementary designs, avoiding conflict with standard scoring at the cost of added testing time.) An examinee's basic score, following the WAIS-R-NI approach, is the number of blocks correctly placed divided by the number of blocks in the design. The purpose of this proportional score is to discriminate between fundamentally sound solutions that are rendered imperfect by errors of detail, on the one hand, and those that fail to capture the essence of the design. Two types of single-block error are scored. A placement error is scored when a block's surface coloring is incorrect, e.g., a white block (or a red-and-white block) in a position that should be occupied by a red block. A rotation error is scored when a red-andwhite block is incorrectly oriented, i.e., 90°or 180°rotated from the correct position. One type of multiblock error is scored whether it appears in the final solution or is presented en route and later corrected; a broken configuration, when the 2 Â 2 (or 3 Â 3) nature of the design is violated. Kaplan et al. (1991) also recommend comparing scores on items 1, 4, and 6 of the WAIS-R with scores on the remaining items. This is because implicit grid informationÐSchorr et al. 's (1982) edge cues; the inverse of Royer and Weitzel's (1977) perceptual cohesivenessÐis provided on Designs 1, 4, and 6, but not on the other six designs. That is, on these three designs the boundaries between blocks are clearly demarcated by color changes. Both Royer and Weitzel (1977) and Schorr et al. (1982) found that the greater the number of edges left unclear, the longer it takes examinees to place blocks and attributed this finding to the greater cognitive demand posed by the absence of obvious boundaries signifying block location. Implicit grid information may be especially important for examinees relying on a block-by-block approach . Interestingly, one study of 83 persons in their 50s, 60s, and 70s (Royer et al., 1984) found that the extent to which such information was available did not affect the performance of older examinees relative to that of middle-aged examinees after controlling for motor speed. This suggests that the ability mentally to segment a design may not be adversely affected by aging, lending indirect support to the hypothesis that speed, rather than higher cognitive abilities, is the prime determinant of age-related decline on Block Design.
A block-by-block approach is likely also to focus on local details rather than the design as a whole, and may correlate with a higher incidence of configural (design-wide) errors, as opposed to errors of detail (Kramer et al., 1991) .
Noting the position in each design of the first block placed, especially whether examinees begin on the left or on the right, is potentially important because the preferred side may tend to be contralateral to the cerebral hemisphere dominating the approach to that item. In general, a modest preference for a left±right approach should obtain among neuropsychologically intact examinees, and ought to be associated with more successful Block Design protocols. An unusually strong preference for one side or the other might be diagnostic of lateralized brain dysfunction.
To date, little research has been conducted using Kaplan et al.'s (1991) suggested scoring parameters among healthy older adults, and normative data are scanty. One study (Troyer et al., 1994) reported on the frequency of single-block rotation errors and broken configurations among 71 persons aged 50±95. One or more blocks were rotated in 63.8% of all trials, indicating that this is a common error. Broken configurations occurred en route to solution on 7.5% of all trials, and were present in 3.1% of all solutions, suggesting that broken configurations, although relatively uncommon, do occur in the protocols of normal older adults. Neither of these errors was significantly correlated with age. Unfortunately, the authors did not supply cumulative percentages by which clinicians could judge the statistical abnormality of a given protocol.
Limited evidence on the question of starting position (Akshoomoff-Haist et al., 1989) suggests that the left side is modestly preferred by healthy examinees, and that patients with lesions restricted to the left hemisphere are much more likely to begin on the left (i.e., contralateral to the spared hemisphere).
In this paper, we report the results of a larger-scale investigation of the Block Design subtest in a healthy aging population, incorporating several of the indices suggested by Kaplan et al. (1991) as well as other, novel indices. Our intention is twofold: to provide clinicians with norms against which to compare scores obtained by patients and to shed further light on the nature of the age differences in Block Design performance. Based on previous research and WAIS-R-NI guidelines, we offer the following predictions: (1) Block Design scores will correlate negatively with age, in the r = À0.40 to À0.60 range; (2) Age differences will be attenuated, but not eliminated, when untimed scoring is used; (3) Age differences will be attenuated, but not eliminated, when proportional scoring is used; (4) Proportional scoring will differentiate between groups of examinees that fail designs due to minor details vs. major distortions; (5) Participants will display a slight preference for leftsided placement of initial blocks; (6) Left-sided placement of initial blocks will be associated with superior Block Design performance; (7) Broken configurations will be unusual en route, and very rare in final solutions; other parameter-violating errors will be even less common; (8) Examinees adopting a trial-and-error (piecemeal) approach will encounter disproportionate difficulty on items lacking implicit grid information, but not on items containing such information; (9) Examinees adopting a trial-and-error approach will generate more broken configurations and other design-wide errors.
Publication of the WAIS-III raises the question of comparability (i.e., the extent to which findings based on the WAIS-R designs may be applied to the new instrument). It seems almost certain that theoretical findings (e.g., pertaining to the impact of aging upon cognitive processes required by the Block Design test) will generalize across instruments. Given that all nine WAIS-R Block Design items have been retained on the WAIS-III, it also seems likely that our normative data (e.g., the frequency of particular types of error) will generalize, provided that results for the difficult final item added on the WAIS-III are not included in one's computations (i.e., only shared items should be scored).
Method
Participants were 177 older adults (51 male, 126 female; mean age = 68.7, range = 50±90) residing in the metropolitan Toronto area. Recruited through radio and print advertisements and fliers posted in community centers, all lived independently and none reported histories of psychiatric or neurological treatment. Level of alcohol use was low (half never or rarely drank, and only 3.4% imbibed in excess of two drinks daily). The majority (62%) were receiving medication for one condition or another, but only 25% used more than two medications, and all reported themselves to be in good health at the time of testing. As is true in many elderly samples, participants tended to be better educated than most members of their age group in the general population; mean number of years in school was 13.6 (SD = 3.5). For some analyses, the sample was broken down into four age groups: 50±59 (n = 40), 60±69 (n = 51), 70±79 (n = 52), and 80±90 (n = 34). Age was not significantly correlated with education (r = À0.11, ns). When the sample was divided into four educational levels (<10 years, 10±12 years, 13±16 years, and 17 + years), the distribution of educational levels across age groups was not significantly biased (c 2 (9) = 16.18, ns). The protocol included five WAIS-R subtests: Information, Arithmetic, Block Design, Picture Completion, and Digit Symbol, as well as several WAIS-R-NI procedures. Full Scale IQ, estimated from the first four subtests listed, was commensurate with educational level (mean = 108.1, SD = 14.7).
WAIS-R Block Design procedure was modified only slightly. While participants were working, examiners noted the placement of each block on special forms. Designs present at the standard cutoff times were scored in the usual way, but participants were allowed to continue working beyond this time limit. (It is possible, of course, that this extra time affected performance on later designs. To our knowledge, no study has examined the consequences of``testing the limits'' in this fashion, even though the practice is widespread in clinical assessment.)
In addition to standard``pass±fail'' scoring, the proportion of blocks correctly placed on each design (i.e., the number of blocks rightly positioned divided by the number of blocks in the design) and the two types of single-block error proposed in the WAIS-R-NI ( placement errors and rotational errors) were tallied. Note that the absolute number of correctly and incorrectly placed blocks is in part a function of the number of designs attempted. Block Design, like most Wechsler subtests, is discontinued after a certain number of consecutive failures. Thus, many raw scores for less able examinees (those who are not administered one or more of the later designs) are not comparable to the same scores for examinees who do attempt all of the designs. To correct for this, we calculated the proportion of all designs (or blocks) attempted on which qualitative errors or other moves were made, and used these proportional scores in data analyses. This is only a partial remedy, because the later designs are more difficult, and may be more likely to elicit certain qualitative errors. Still, it is the best that can be managed within the bounds of standard administration (i.e., without suspending the discontinuation rule).
In addition, several larger-scale errors were scored. Breaking configuration was counted whenever the 2 Â 2 (or 3 Â 3) parameters of the model design were broken (i.e., when more than two-or three-blocks were arrayed in a line). Odd angles were counted whenever blocks were placed so that their sides were not flush (e.g., when a corner was placed against a side so as to produce a diamond-on-square appearance). Non-squared was counted whenever blocks were placed so that, although their sides were flush, their corners were not (i.e., when two or more blocks were aligned so that they overlapped, and could not be placed within an imaginary grid).
Another global error counted was a rotated design, where the entire design, as opposed to blocks within the design, was rotated more than 30°from the original. Design rotations and single-block rotations may reflect the same underlying process, but this has never been established. The strength of the correlation between the number of rotated designs and the number of rotated blocks will provide a measure of this association.
Parameter violations were counted whether they occurred en route or in solutions. Instances of the latter were counted as bad solutions, and were considered superordinate to single-block errors; so whenever a bad solution was offered, single-block errors were not tallied. (In part, this was implemented because it can be difficult or impossible to determine which blocks are placed``correctly'' when the overall configuration of the design little resembles that of the original.) As with other indices, the absolute number of these errors is partially dependent upon the number of designs attempted; so scores based on the proportion of designs attempted were used for data analysis.
We also tabulated the number of changes made while working toward a solution during the standard time limit (i.e., the number of times a block was rotated in place or moved to a different location after having been placed). A large number of changes should be indicative of a piecemeal trial-and-error strategy. A small number of changes could reflect either mental solution of the problem prior to block placement, or reluctance to make changes owing to mental rigidity and/or motivational deficits. We expect that the large majority of our cognitively intact volunteers fall into the former category.
Our interest lies in both age differences and general features of the Block Design task (e.g., different strategies or error types elicited by different items). Therefore, we analyzed not only overall scores, but also performance on each individual design, for the sample as a whole and stratified by age group. One-way ANOVAs were followed by post-hoc pairwise comparisons using Tukey's Honestly Significance Difference, which controls for Type I error (i.e., false positives) across all possible pairwise comparisons.
Results

Regular and proportional scoring
Regular and proportional scores correlated at r = 0.87, and the two correlated between r = 0.68 and r = 0.83 on individual items. Clearly, in a majority of protocols for healthy individuals, the two scoring systems yield similar information. Since internal consistency is higher for the regular scoring system (a = 0.70) than for the proportional scoring system (a = 0.57), it could be argued that the regular system is to be preferred, but we suggest that the proportional system does offer supplementary information. On Item 6, for example, only 68.2% of participants achieved a perfect solution, but another 12.7% (twofifths of those failing the item) placed eight of nine blocks correctly, typically making only a single rotational error in one of the corner positions.
Effect of extended time
A majority (56.1%) of the sample benefited from extra time (another 9.0% completed all nine designs correctly within the time limit), but 38.2% completed only one additional design in overtime. Another 14.5% completed two additional designs, and 3.5% completed three additional designs when time constraints were removed.
Single-block errors
The total number of single-block errors is, of course, the number of blocks placed minus the number correctly placed, less those included in bad solutions. Dividing single-block errors into placement errors and rotation errors may be more informative. Overall, placement errors were more common, t(176) = 5.08, p < 0.001, as shown in Table 1 .
Most items tended to elicit one type of error, as shown in Table 2 . Items 2, 7, and 9 elicited significantly more placement errors. On Item 7, for example, these were usually due to attempts at capturing the striped appearance of the design using solid blocks. Items 1, 5, 6, and 8 elicited significantly more rotation errors. On Item 6, for example, one (15.6%) or more (9.3%) of the corner blocks might be rotated, usually 180°.
Parameter-violating errors
Broken configurations en route occurred in 5.84% of all designs attempted. As shown in Table 2 , broken configurations were especially common on item 7 (21.0% of the sample). Overall, 36.7% of participants broke configuration at least once, but 27.1% did so only once. Only 7.3% broke configuration twice, and only 2.3% did so more than twice. Odd angles, non-squared arrangements, and rotated designs were less common, occurring in only 11.9%, 5.1%, and 10.2% of the sample, respectively. The proportion of designs rotated was not related to the proportion of individual blocks rotated on other designs (r = 0.07, ns). Parameter-violating solutions were offered by only 8.5% of the sample, and only 2.8% did so more than once; they accounted for just 1.4% of all designs attempted. In other words, most parameter violations may have represented tentative steps toward solving problems that examinees recognized as flawed and corrected.
Mental solution vs. trial-and-error
The number of changes made en route to solution on each design is shown in Table 2 ; one column gives the maximum number of changes made by two-thirds of the sample, the next gives the number of changes exceeded by only 5% of the sample. The number of changes made en route is clearly associated with item difficulty and the introduction of new types of pattern, e.g., the diagonal lines in item 7. Overall, 30.1% of the participants made fewer than 10 changes, 39.8% made at least 10, but fewer than 20, changes, and 30.1% made 20 or more changes. These may be considered low, medium, and high change groups. Most members of the first group are probably solving the problems mentally, and placing blocks in pre-selected positions, though some may be rigid, reluctant to change a response. Members of the third group are clearly adopting a trialand-error or piecemeal approach. Members of the second group seem to be less committed to a single strategy, solving the problems partly on a mental level and partly with the aid of visual feedback.
Change level was not associated with age group (c 2 (6) = 6.86, ns), education level (c 2 (6) = 1.25, ns, sex (c 2 (2) = 2.97, ns) or total Block Design score (F(2, 174) = 0.83, ns). In order to test the hypothesis that a piecemeal approach will be associated with poor performance on items lacking implicit grid information (but not on those containing such information), we created separate scores for items 1, 4, and 6 vs. items 2, 3, 5, 7, 8, and 9. As expected, change level was not associated with scores on the first subscale (F(2, 170) = 0.62, ns), but was associated, albeit weakly, with scores on the second subscale (F(2, 125) = 2.86, p < 0.07); posthoc Tukey tests showed that the low-change group obtained significantly ( p < 0.05) higher Single-block errs.: Single-block errors (P = Placement; R = Rotation); P > R signifies that significantly more placement than rotation errors were made, etc.; t-test results are given for each comparison. Broken: Percentage of examinees breaking configuration en route to solution on each item. Change: Two-thirds of examinees made no more than this number of changes on each item. Max.: 95% of examinees made no more than this number of changes on each item. Pref. start: Preferred starting position(s);``>'' signifies that the position represented to the left was more strongly preferred than that to the right. LL = lower-left; UR = upper-right; C = Center (nine block items); Top = uppermost block (item #9); Bot. = bottom-most block (item #9). Best start: Starting position(s) associated with superior overall Block Design performance. Age diff.: Age differences on regular Block Design scores. All ANOVAs were significant except that for item #1; results of post-hoc pairwise comparisons (Tukey tests) are shown. * p < 0.05. ** p < 0.01. *** p < 0.001. a F(4, 172) = 2.90*. b F(3, 162) = 3.71*. c F(4, 141) = 2.80*. The two positions shown above were associated with significantly higher Block Design scores than all other positions except the upper right corner, which was statistically equivalent.
d Omnibus ANOVA was significant (F(3, 142) = 2.89*) but no pairwise comparison was significant.
scores than the high-change group on this subscale. Failure of the main ANOVA to reach significance at the 0.05 level was due to a reduced number of examinees reaching item 9; an ANOVA run on a subscale comprised of items 2, 3, 5, 7, and 8 yielded significant results: F(2, 143) = 3.69, p < 0.03. Change level was also associated with two of the more severe error types: breaking configuration, (F(2, 174) = 7.14, p < 0.001) and odd angles (F(2, 174) = 4.08, p < 0.02, though not with non-squared blocks (F(2, 174) = 0.88, ns) or rotated designs (F(2, 174) = 0.87, ns). Examinees making many changes were more likely to produce these errors.
Starting position
Examinees were more likely to begin designs on the left (rather than the right or middle); the mean proportion of designs initiated on the left was 0.55 (SD = 0.19): t(176) = 3.08, p < 0.01. Only 5% began fewer than two (of nine) designs on the left; on the other hand, only 5% began more than eight (of nine) designs on the left. Preference for a left±right strategy (as measured by the proportion of designs attempted that were initiated on the left side) was unrelated to age or education, but was weakly associated with higher Block Design scores (r = 0.15, p < 0.06).
Preferred starting points were evident for most designs, as shown in Table 2 . The lowerright position was consistently the least popular corner. Starting position on the first five designs made no significant difference to overall Block Design performance (the proportion of blocks correctly placed). Starting positions on designs 6, 7, and 8 were, however, associated with significant overall differences. In general, the most preferred starting positions were associated with better performance. The exception was item 6, where the less-preferred upper-left position was associated with higher proportional Block Design scores than the most-preferred center position. Starting point on 9 was unrelated to overall Block Design performance, in part because virtually all examinees chose one of two positions. Perhaps, too, those likely to select inefficient starting positions tended already to have been eliminated by the time the last design was reached.
Age differences: regular and proportional scoring
Regular raw scores and proportional scores (and the proportion of blocks attempted that were correctly placed) are given for each age group in Table 3 .
The effect of age group on regular Block Design score was significant (F(3, 173) = 14.55, p < 0.001). Post-hoc Tukey tests revealed that participants in their 80s obtained lower scores than those in each of the three younger groups, while those in their 70s obtained lower scores than those in their 50s. When scores on each item were analyzed separately (Table 2 ), significant differences were found on every item except the first.
The effect of age group on the proportion of blocks attempted that were correctly placed was also significant (F(3, 173) = 8.71, p < 0.001). Post-hoc Tukey tests revealed a pattern similar to that found with regular scores, except that the pairwise comparison of participants in their 80s with those in their 70s was no longer significant. Differences tended to be smaller on individual items, and there were no significant age differences on items 1, 3, or 4.
The effect of age on regular Block Design score (r = 0.455) was significantly greater than the effect of age on the proportion of blocks attempted that were placed correctly (r = 0.371): t(176) = À2.42, p < 0.025, using the Williams procedure for testing the difference between two non-independent correlation coefficients.
Age differences: single-block errors
Significant age differences also obtained with respect to the number of placement errors made relative to the total number of blocks placed (F(3, 173) = 3.03, p < 0.04), with participants in their 80s (and, to a lesser extent, those in their 70s) making more such errors than those in their 50s.
Significant age differences also obtained with respect to the number of rotational errors made relative to the total number of blocks placed (F(3, 173) = 4.60, p < 0.01), with participants in their 80s making more such errors than those in their 50s or 60s.
Age differences: effects of extended time
Age groups differed in the probability of obtaining a correct solution in overtime (F(3, 173) = 3.32, p < 0.03). Participants in their 60s were significantly more likely to do so than were those in their 50s, and there was a trend ( p < 0.06) for the same to be true of those in their 70s relative to those in their 50s. This tendency toward greater improvement with additional time allowance did not hold for those in their 80s. Age groups also differed in the number of designs on which participants gave up (F(3, 173) = 2.57, p < 0.06), with a greater tendency to give up in the oldest (80s) age group. Age groups did not differ significantly on the number of incorrect solutions offered (F(3, 173) = 2.00, ns), though there was a trend ( p < 0.09) for those in their 80s to do so more frequently.
If one point is awarded for every design completed correctly, regardless of the time required to do so (see Table 1 ), the overall effect of age remains strong (F(3, 173) = 11.09, p < 0.001), but only participants in their 80s are significantly affected (their scores were lower than those of any other group, but the other three groups were indistinguishable, per Tukey tests). Age-related decline on this measure was marginally less than that obtained using standard scoring (t(176) = 1.72, p < 0.10; see Table 3 ).
Age differences: parameter-violating errors
The proportion of participants in each age group who made each of the parameterviolating errors (broken configurations, odd angles, non-squared arrangements, or design rotations) is given in Table 4 . There was no age-related effect on the number of designs for which parameter-violating solutions were offered (F(3, 173) = 1.42, ns) or the frequency with which odd angles, non-squared arrangements, or design rotations were attempted en route (F(3, 173) = 0.18, 0.09, and 1.48, respectively).
There was a trend toward significance in the frequency of broken configurations en route, (F(3, 173) = 2.57, p < 0.06), with similar trends evident in the pairwise comparisons of participants in their 80s with those in their 50s (p < 0.07) and of participants in their 70s with those in their 50s (p < 0.10). The frequency of configuration-breaking moves differed significantly across age groups for three designs: items 6, 7, and 9. On all of these, it was the youngest participants who were least likely to produce broken configurations.
Discussion
Hypothesis #1 (a moderate negative correlation between Block Design score and age) was supported. This is hardly a novel finding, but the fact that age differences in our sample closely resemble those obtained in previous studies lends credence to our other findings. Hypothesis #2 (attenuation of age differences when the speed element was removed) was supported, as in Storandt (1977) but not Troyer et al. (1994) . We suspect that the latter's failure to eliminate speed-based bonus points explains this discrepancy. Hypothesis #3 (attenuation of age differences using proportional scoring) was supported. This is a novel finding, implying that the ability to perceive and reconstruct abstract designs is less severely impaired by aging than standard Block Design scores seem to suggest. When credit is granted for every correctly positioned block (not only for perfect solutions), older examinees improve more than their younger peers. This agrees with Royer et al. (1984) ; contrary to that study, however, significant age differences remained. Hypothesis #4 (that proportional scoring would enhance standard scoring, revealing subtle differences in performance) was partially supported. Proportional scoring does appear to provide useful supplementary information, discriminating between examinees whose errors lie in the details and those whose failures are all-encompassing, but may not be a psychometrically sound replacement for regular scoring. Hypothesis #5 (a modest preference for a left-sided starting position) was supported, consistent with previous smaller-scale studies. Hypothesis #6 (association between a preference for starting on the left and higher scores) was weakly supported; the correlation was statistically significant, but accounted for only a tiny fraction of score variance. Hypothesis #7 (rarity of broken configurations and other parameter-violating errors) was also partially supported. Broken configurations were not common overall (5.84% of designs attempted), but neither were they especially rare (36.7% of the sample made at least one).
Other parameter-violating arrangements were indeed less common, and neither broken configurations nor these other violations were often offered as solutions. Hypothesis #8 (regarding the impact of a piecemeal approach on scores) was also supported. Examinees who made many changes en route (i.e., adopted a trial-and-error approach) experienced greater difficulty on items lacking implicit grid information, but not on items containing such information. Hypothesis #9 (regarding the impact of a piecemeal approach on the frequency of severe errors) was supported. Examinees who made many changes en route were more likely to violate the parameters of the designs by breaking configuration or placing blocks at odd angles than were examinees who made fewer changes. Our results offer the best available norms for quantitative scores based on qualitative aspects of the Block Design subtest across the latter portion of the lifespan. They were obtained using minor modifications to standard administration, and should (with due caution for possible reactive effects of unscored overtime on subsequent performance) be useful to all users of the WAIS-R, but not to those who choose to provide examinees with extra blocks as per the WAIS-R-NI. Since all WAIS-R Block Design items were retained on the WAIS-III, our findings can easily be applied to results of examinations using the new instrument, provided that the new final problem is not included in one's calculations. It should be noted that our sample was more highly educated than is typical of the elderly population; caution should be exercised in assessments of poorly educated individuals.
Broken configurations occurred more frequently than might have been expected, but slightly less frequently than in Troyer et al.'s (1994) smaller sample. In many cases, broken configurations or oddly angled arrangements represent a way station en route to a better solution, and are associated with a trial-and-error approach rather than with gross visuospatial impairment. This is similar to findings for children (Kaplan et al., 1999) .
We offer these guidelines for interpretation of Block Design protocols among older examinees. (In the following discussion, findings that occur in approximately 10% or less of healthy examinees are termed noteworthy; those that occur in 5% or less are termed abnormal.) One broken configuration en route is acceptable (especially on item 7), but two should be noted, and three or more broken configurations constitutes an abnormal finding. When broken configurations en route raise doubts about an examinee's neuropsychological status, the number of changes made en route to solution may be inspected. Those who make many (more than 20, in our sample) changes in the course of the Block Design subtest are using a trial-and-error approach. If such an examinee breaks configuration or places blocks at odd angles, but later corrects this error, the most likely interpretation is that the error was but another scattershot attempt at capturing part of the design. Placing blocks at odd angles or in non-squared positions, or rotating entire designs is unusual enough to be noteworthy, and if any of these errors is made more than once, it may be regarded as abnormal. Any parameterviolating arrangement offered as a solution should be noted; more than one such solution is also an abnormal finding.
On items 6, 8, and 9, a large proportion (up to a third) of those who fail to earn credit under timed, all-or-nothing scoring rules will actually have mastered the problem except for one to three poorly oriented or positioned blocks. These should not be equated with their peers who place few to no blocks correctly. Fewer than 1 in 10 examinees will make more than eight placement errors, and few of these should appear on items 1, 5, 6, or 8. Fewer than 1 in 50 examinees will make more than eight rotation errors, and few of these should appear on items 2, 7, or 9.
It should be stressed that the precise significance of``abnormal'' performances on most of these parameters remains unknown. Our findings are based upon the test performance of healthy older adults. Research with clinical samples (e.g., patients with localized lesions or specific forms of dementia) is urgently needed. Prior to this study, however, clinical research labored under a dearth of normative data; our findings can be used as a standard against which to compare the performance of various clinical groups.
Our findings support the hypothesis that reduced speed plays a role in the age-related decline in Block Design scores, but not the hypothesis that reduced speed plays the only role. Additional time enabled participants in their 60s (and perhaps those in their 70s) to reach correct solutions to more additional items than was true of younger participants. Participants in their 80s, however, did not benefit from the extra time allowance; they tended instead to give up or settle for an incorrect solution. Also, the progressive decline in regular Block Design score was attenuated by use of a scoring rule (one point per correct design) that neither awarded examinees bonus points for rapid completion nor penalized them for slow completion. Here, too, it was people in their 60s and 70s who benefited; those in their 80s obtained significantly lower scores than did any of the other cohorts. These age differences might have been attenuated further had the standard discontinuation rule been suspended; some of those who reached correct solutions in overtime might have completed more designs had they been allowed to attempt them.
Our findings also provide partial support for the hypothesis that the all-or-nothing rule in regular Block Design scoring differentially penalizes older examinees, arguably exaggerating the degree of measured age-related decline in visuospatial functioning. Age differences in the proportion of blocks correctly placed were significantly lesser in magnitude than were age differences in all-or-nothing Block Design score. It must be stressed, however, that a sizeable effect of increased age remained: 13.8% of the variance in proportional scores was accounted for by age, compared with 20.7% of the variance in all-or-nothing scores. Also, broken configurations did tend to grow more common as examinee age increased. One interpretation of these findings might be that the ability to mentally represent block designs deteriorates with advanced age, leaving the ability to perceive the accuracy of a design intact. In other words, younger examinees appear to be more able to evaluate and reject incorrect block arrangements without actually placing blocks in the pattern being considered. Older examinees rely more heavily upon the visual feedback provided by the blocks themselves (i.e., depend on external cues), but are able to use those external cues, so that their incorrect solutions involve primarily errors of detail rather than errors affecting the gestalt of the design.
